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In this Majoron model, to give the tiny majo-
rana neutrino mass T
0





 O(0:1)eV if the Yukawa








( + iJ ); (6)
where u is the VEV,  is real part and J is the imag-


























. In this case,
Z boson can decay to  and J because these masses
are on order of u. If so, the ratio of the partial decay
widths
 (Z ! J )
 (Z ! )
= 2; (8)
would mean an additional invisible width of Z. This
is inconsistent with the experimental data where the
invisible width correspond quite precisely to that
expected for three active neutrinos and leaves no
room for triplet Majoron decay.
To avoid this diÆculty, we therefore need to ex-
tend the model. As methods to solve this diÆculty,
we can consider three cases.
1) By Higgs mechanism,  and J have to be ab-
sorbed.
2) Giving a large mass to the Majorons without
VEV.
3) Giving a large mass to the Majorons with tiny
VEV.
The rst case will generally produce
unacceptably-light gauge bosons.
In the second case, we may consider a scenario in
which neutrino masss arises from the radiative cor-
rections. However, to permit a diagram contribut-
ing to Majorana neutrino masses we need a trilinear
coupling T
~
, where  is the doublet higgs. When
electroweak symmetry is broken,  has a VEV and
induces a shift in the VEV of T as shown in Fig. 1,
because the trilinear coupling contributes to a linear
term, and the small VEV for T is thus destabilized.
Hence only scenario (3) is viable, and it requires


















This third case which we employ has been dis-
cussed by Ma and Sarkar[9]. They induce the large
mass of  and J by adding lepton number violating
terms in the Higgs potential.
The most general Higgs potential of a doublet



































































The important term is that with coupling . De-















































































































































3To get the neutrino mass from the tiny VEV of the
triplet Higgs, we need a hierarchy M;  v  u.
When we assume the couplings 
i
are parameters








If we take u  O(10
 1
) GeV, we need M 
10
14
GeV and  is also order M or less. The mixing
terms between the doublet one and the triplet one
will appear by 
4
and  terms. The mass matrices
for (
1
; ) and (
2















































































The would-be Nambu-Goldstone boson 
2
is eaten
by Z and the would-be Majoron J
m
gets a large
mass. Because of the smallness of u, the mass of
J
m
will be much larger than M
W
if the parameter
 is not so small value. Hence, in this case, Z boson
kinematically cannot decay to J nal state.























where M is the charged triplet mass and about
10
14
GeV . This is at most 10
 6
eV and so cannot
be the main contribution to the neutrino mass, as
it is too small to explain the LMA solution.
III. INCORPORATION OF TWO-ZERO
TEXTURES.
In [7] it was pointed out that at most two
of the six independent elements of the symmet-
ric Majorana mass matrix can vanish and the
phenomenologically-allowed possibilities were clas-
sied as A1, A2, B1, B2, B3, B4, and C respectively.
It is therefore of interest to accommodate these tex-
tures in our triplet Higgs model. To do this, we
impose on our model various discrete Z
p
symme-
tries which give rise to these two-zero textures in a
technically-natural manner.
The most realistic Majorana neutrino mass ma-






























[5, 11]. This is corresponds to Case C of the





For Case C [7] we need at least three triplet Higgs
T
k
































, where ! =
3
p
1 is a generator of Z
3
.















































i is the VEV of the neutral triplet Higgs.



























, The elements of







i, we can get most realistic mass matrix





































On the other hand, we can make also the Case
B1 and Case B2. By taking hT
2






































































Proceeding along these lines, we can accommo-

















(1,-1) (!; 1) ( !
2












































(i,-1) (-i, 1) ( 1, 1) (1,-1) (-1, 1) (i, 1) B
4
TABLE I: Accommodating two-zero textures of [7].
the above Table where the classication of Majo-
rana neutrino mass matrices with two zeros in [7] is
used in the nal column.
The triplet T occurs naturally in the 15 of
SU(5). Although minmal SU (5) is excluded, sim-
ple generalizations are consistent with experimen-







the various SU(5) irreps decompose as



































Let us give one example of how the neutrino Ma-
jorana mass texture may be correlated with up- and
down- quark mass textures of the types discussed in
e.g. [13].





which gives the neutrino mass
texture designated A2. By subsuming this in
SU (5) with three 15's and requiring the three 10's
of fermions to transform as (i; 1); (1; 1); ( 1; 1)
and adding ve 5's of Higgs transforming as
(1; 1); ( i; 1); (i; 1); ( i; 1); (1; 1). gives one of
the ve permissable ve-zero quark mass textures
in [13].
We hope to return to a more detailed analysis of
this neutrino-quark linkage in a future publication.
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